Landslide monitoring often includes observing in two conditions, slope movements and groundwater levels. This measurement involves the observation of deformation direction. However, the range and reliability of current slope stability monitoring are often limited on sensors, instrumentation costs, and power requirements. This paper presents an attractive solution for slope stability monitoring that aims to be inexpensive, versatile, and reliable. A displacement sensor based on spring coil as an actuator was build and tested for slope deformation and potential failures. The inductance of spring coil will change when deformed (compression or strain) and the physical quantity that can be measured. It has a long 1.2m, diameter 3cm, and 80 turns. The electronic systems consist of LC oscillator, comparator, universal frequency to digital converter (UFDC), and ADC. The output voltage of sensor has a maximum measurement of 0.43V up to 4.48V and frequency oscillation between 583kHz up to 1.853MHz. This sensor can detect a small deformation of the ground with a relative error under 5% and an absolute error under 3 cm.
Introduction
A landslide is a complex geological phenomenon that involves movement of ground, rocks and soil under effect of gravity. Currently, landslide disaster often becomes a crucial problem which needs a reliable solution to diminish impact damage. Generally, a landslide can be triggered by several factors, such as geological (rainfall and climate change), physical (increased of surface soil), morphological, and human errors (activities, uncontrolled land-use, populations, growing urbanization and infrastructures) [1, 2] . The occurrence of landslide can be monitored by several methods which are focused on monitoring slope movements. They are Tapes and GPS, extensometers, inclinometers, aerial photos, LiDAR (Light Detection and Ranging), satellite photos, InSAR (Interferometric Synthetic Aperture Radar). However, these methods have disadvantage limited on scale of area, instrumentation cost, difficult installation, and can't record the data for days or month [1] .
The possible of the simplest methods of documenting landslide information is to install surface field monitoring tapes that can be sequentially measured for landslide movement [1] . Indicator of potential for slope movement can be assessed by observing the continuing movement which can aid in the characterization of the type of event [2] . This paper presents a novel development sensor for slope stability monitoring. A spring coil as an actuator for displacement sensor to evaluate the conditions of potential hazards and landslide. Spring coil has a long 1.2m, diameter 3cm, 80turns and placed on above the ground. Electronic systems consist of an excitation, Hartley oscillator, comparator, filter, frequency to digital converter, and microcontroller. As a result, the sensor is work very good to indicate a potential slope movement and capable to be used as a displacement sensor for slope stability monitoring. The requirement of installation is relatively inexpensive.
Self-Inductance of a Coil
Spring coil (induction coil sensor) is a solenoid which has a long and thin coil [3] . If current I flowing through a solenoid with N turns, length l, and radius R and applying Ampere's law, the magnetic field inside a solenoid is given by
The magnetic flux through for each turn of the loop
The total flux through the solenoid which has N and l turns given by
The self-inductance is defined as the induction of a voltage in a current-carrying wire when the current in the wire itself is changing. In this case, the magnetic field created by a changing current in the circuit itself induces a voltage in the same circuit. Therefore, the voltage is self-induced. Mathematically, the self-inductance of solenoid is
L is a geometric quantity depending only on the dimensions of the solenoid, and the number of turns in the solenoid. Physically, the inductance L is a measure of an inductor's "resistance" to the changing of the current, the larger the value of L, the lower the rate of change of current. The self-inductance of this sensor depends on the construction of the spring coil. Hartley oscillator circuit is used as sensor system which the changing of inductance on spring coil is become physical quantity that can be measured [3] [4] [5] . The output signal from LC oscillator is a frequency modulation (FM) which frequency is determined by
According to (4) the output signal depends linearly on frequency, but due to the internal self-capacitance C of the sensor, the dependence V = f(f) is more complex. The equivalent electric circuit of sensor is shown in Figure 4 .b [3] . In Fig. 1(a) , the system consists of a sensor system, a microcontroller, and a computer. The microcontroller has purpose for recording data from the sensor and sending to the computer. Block filter is used to reduce noise frequency output from the comparator. Then, the frequency will be converted to the digital level and processing to the computer. LC oscillator designed from an inductor (spring coil) L s and Capacitor C s as shown in the Figure 1(b) . Pin OUT1 and OUT2 will be continued to IC4007 CMOS using discrete MOSFET transistor to produce a resonance frequency LC. In order to produce frequency at MHz, Capacitor C s has value pF (pico farad) and inductor L c (spring coil) has value µH (micro henry). Furthermore, Frequency from LC circuit will be compared with frequency reference (f ref ), to obtain a stable square wave. The comparator has function for binding phase frequency oscillator against frequency reference. The spring coil actuator is shown in Figure 2 . The resonance frequency of the oscillator is a function of distance. By using a phase locked loop (PLL) the changing of the resonance frequency is converted into voltage [4] [5] .
(1) Fig. 2 . The structure of spring coil actuator
In Fig. 2 , the prototype of inductor was made from stainless steel with diameter 1mm. There are 2 types of tubes that is used to the direction and movement of spring coil. The outside tube acts a shield to protect the spring coil from the shock. The end of sensor will be installed 20cm on underground. Each of end portion has a static and dynamic movement. This means that is only one portion can movement in two directions (forward and backward). This sensor is effective for measuring vibration and displacement.
Characterization and Results
A laboratory test was developed and designed in order to evaluate the ability of spring coil sensor. To comprehend the scale of inductance, sensor is moved on two directions (forward and backward). The characteristics of sensor is shown in Fig. 3 .
(a) (b) Fig. 3. (a) Characteristic spring coil as an actuator, (b) response of output sensor Fig. 3(a) shows raw data from the sensor in evaluation test. As can be seen that the sensor has the same behavior while the spring coil is moved forward and backward. The output as a function of distance. This indicates that the sensor has capability as a displacement sensor. Fig. 3(b) shows the response of sensor output to a distance is neither compression nor strain. The output voltage and sensitivity sensor is inversely proportional to the distance range of sensor, due to the limited of sensor linear work area. This sensor is able to detect change in the distance of 3.125mV/mm. Fig. 4(a) shows the absolute error of sensor. This shows that the sensor has the average of absolute error 2cm. However, at distance 20cm and over 130cm, it has absolute error more than 3cm. Fig. 4(b) shows the sensor has the average of relative error under 3%. However, on distance under 50cm, it has relative error more than 5%. The relative error will be higher while the sensor is under high compression. Fig. 5 shows the profiles of slope monitoring during 5 days in simulation chamber. It can be seen that this sensor is able to measure a small displacement. 
Conclusions
A spring coil actuator have successfully developed and characterized for slope stability monitoring. A sensor system consists of Hartley oscillator, signal conditioning, microcontroller, and computer display. Spring coil was made from stainless steel with an along 1.2m, diameter 1mm and 80 turns. The inductance of spring coil will change when deformed (compression or strain). The raw data shows that the sensor has capability to measure low displacement the ground with the absolute error under 2cm and the relative error under 3%. Furthermore, the output and sensitivity sensor is inversely proportional to the distance and can detect changing of 3.125mV/mm. Further research is needed to optimize and develop a scale large sensor for slope stability monitoring which is capable to monitor a large area.
